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INTRODUCTION 
In certain marine applications, thick polymer-composite materials may have to endure 
different operating environments than those experienced in traditional aerospace 
applications. In particular, structures made of such materials may experience very large 
compressive and bending forces. To prevent in-service failure, appropriate NDE methods 
and instrumentation are needed to characterize the state of the material. Specifically, in 
addition to detecting high-contrast anomalies (cracks and delaminations) it may be of 
interest to determine the pore content, measure the fiber volume, assess the severity of 
fiber waviness, and the like [1]. 
The NDE requirements of thick marine composites cannot be met by using traditional 
ultrasonic instrumentation, particularly in the pulse-echo mode. For example, conventional 
ultrasonic instruments often lack features that permit effective pulse-echo operation below 
1 MHz and have limited dynamic range. 
In this paper, we describe specific approaches that overcome the above limitations. 
Specifically, we describe a particularly effective transmit/receive circuit configuration that 
offers large dynamic range (greater than 60 dB), wide bandwidth (100 kHz - 60 MHz), and 
fast recovery. We also describe the design of a very-low-noise, high-impedance input 
preamplifier. We found that this preamplifier is particularly useful for conditioning signals 
generated by very small ("phase insensitive" [2]) transducers used as receivers. 
SIGNAL-TO-NOISE CONSIDERATIONS 
The NDE instrumentation must provide sensitivity to changes in material properties 
(low-contrast anomalies) as well as internal discontinuities (high-contrast discontinuities). 
For this reason, large dynamic range and broad bandwidth are required simultaneously. To 
optimize the above characteristics, we have developed analytical tools which account for 
major factors that affect the system response as a function of frequency: (1) transmitter 
pulse shape, (2) transmitter output impedance, (3) frequency-dependent material 
dissipation, (4) diffraction, (5) transducer insertion losses, and (6) preamplifier noise factor. 
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Figure 1 illustrates the application of our procedure to finding the optimum frequency 
region for inspecting a thick-section E-glass/epoxy material made by a wet filament winding 
process. 
The signal-to-noise (SIN) capabilities of an ultrasonic inspection system are defined by 
the voltage-breakdown characteristics and output impedance of the ultrasonic pulser and by 
the input noise level of the receiver preamplifier. The input noise of our high-impedance 
receiver preamplifier is expressed in units of Volts per root Hertz (V I¥Hz). To facilitate a 
calculation of the SIN, the transmitter output-power capabilities must be expressed in the 
same units. This is done in Figures 1 and 2. For simplicity, it is assumed that the 
transmitter signal and receiver noise levels are constant as a function of frequency. 
In addition to plots of transmitter signal and receiver preamplifier noise levels, Figs. 1-2 
contain plots of the effects of the frequency-dependent material-propagation losses 
(diffraction and dissipation) and transducer-insertion losses. The plots in Figs. 1-2 contain 
all the information for a preliminary analysis of the SIN performance of the ultrasonic NDE 
system as a function of frequency and material parameters. 
To calculate the specific plots shown in Figs. 1-2, we assumed that our transmitter 
pulser would be capable of producing a 450 V, 50 ns long pulse into a 10 a resistive load. 
We also assumed that the receiver-preamplifier noise voltage level is 3 nV/¥Hz. (The latter 
assumption is very conservative since I nV noise levels can now be achieved using 
state-of-the-art FETs [5].) The diffraction losses were calculated using Lommel integrals 
[3], but without correcting for the effects of elastic anisotropy. (Omission of the effects of 
anisotropy may result in either an overestimate or underestimate of diffraction losses, 
depending on propagation direction and material elastic constants.) The attenuation loss 
estimate was arrived at by extrapolating actual measurements obtained in the 0.25-1.0 MHz 
frequency region into the 1-10 MHz range. The attenuation loss shown in Figure 1 
demonstrates a frequency-squared dependence while the attenuation loss in Figure 2 shows 
a linear frequency dependence. The composite material wall thickness and transducer 
active diameter were assumed to be 50 and 12.5 mm, respectively. 
An examination of Figs. 1-2 reveals that the optimum inspection frequency (in terms of 
minimizing losses) is approximately 400 kHz. Below 400 kHz, the propagation losses are 
dominated by diffraction effects while material-dissipation losses tend to dominate at higher 
frequencies. At 400 kHz, the SIN is in excess of 100 dB, assuming a 30-dB two-way trans-
ducer insertion loss in this frequency region. This estimate of the SIN is in good agreement 
with the experimental value. 
Figure 3 shows the block diagram of our pulse-echo experimental system. It should be 
noted that this system uses a high-performance lO-bit analog-to-digital (AID) converter. The 
resolution of this device approximately matches the greater-than-60-dB linear range of our 
receiver preamplifier. Also, the radio-frequency (RF) waveforms are stored in the computer 
for later processing. 
Although the 60-dB-plus linear range of our receiver circuitry does not match the 
l00-dB SIN of the received ultrasonic signals, it is significantly greater than the linear ranges 
of traditional ultrasonic flaw detectors. In the following sections, we describe some of the 
underlying circuit topologies. 
A HIGH-PERFORMANCE PULSE-ECHO CIRCUIT TOPOLOGY 
Figure 4 illustrates the principle of operation of a particularly effective pulse-echo 
circuit topology [3]. In Fig. 4, the square-wave ultrasonic pulser is implemented using a 
large storage capacitor, C, and two semiconductor switches, S 1 and S 2. In addition,· the 
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Figure 4. Components of a High-Performance Pulse-Echo System. 
series resistors, RV are employed to establish the output impedance. The electrical pulse, 
which drives the transducer, is generated by first closing S1' then closing S2' The switch S2 
remains in the closed position until the next ultrasonic pulse. This unique feature of the 
circuit shown in Fig. 4 permits the utilization of a particularly effective diplexer 
[transmit/receive (T/R) switch] design and helps to reduce the transducer ringdown time. 
The diplexer is implemented using a broadband transformer, which increases the transducer 
input-impedance level. This feature is helpful in minimizing the noise factor (NF) of the 
receiver preamplifier circuit. Although the circuit topology illustrated in Fig. 4 is not 
efficient in terms of energy utilization, it provides a significant improvement over traditional 
designs in terms of SIN performance. 
An Illustrative Pulse-Echo Result 
Figure S shows an ultrasonic waveform obtained from a SO mm thick E-glass/epoxy 
unidirectional composite section that was made using a prepreg-roving fabrication 
technique. This material system was found to exhibit considerably less loss than the 
material system made using the wet-filament winding process. Figure 6 shows some of the 
structural details that can be related to specific features in the waveform shown in Fig. S. 
Specifically, the material made by the prep reg-roving process contains two thin internal 
interfaces that exhibit a higher acoustic impedance than the adjoining material. This 
difference in acoustic impedance results in the two back-scattered signals that appear in Fig. 
S between the "main-bang" residue and the back-surface echo. The voltage of the signal 
back-scattered by the first interface exceeds 1 V after 28-dB of amplification. The absolute 
levels of the signals shown in Fig. S illustrate the high SIN capabilities of our ultrasonic 
system. 
OPERATION IN TRANSMISSION AND PITCH-CATCH MODES 
In some instances, it is advantageous to perform measurements on polymer-composite 
materials using the transmission or pitch-catch configurations. In these configurations, 
separate transducers are used for transmitting and receiving the ultrasonic signals. 
Consequently, diplexers and TIR switches are not needed. However, to achieve optimum 
SIN performance attention must be paid to the selection of an appropriate receiver pream-
plifier design. Our transmission configuration uses a preamplifier connected directly to the 
receiving transducer. This configuration is similar to that shown in Fig. 3, except for the 
absence of the diplexer and addition of a preamplifier. 
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To overcome the effects of randomly occurring material inhomogeneities, we have been 
developing small, broadband receiving transducers. We anticipate that the use of such 
transducers will lead to improved velocity measurements. In addition, the use of physically 
small receiver transducers and large transmitter transducers may lead to improved flaw 
detection, particularly in highly inhomogeneous materials [7] . 
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Currently, our receiving transducers are made using the piezoelectric polymer PVDF. 
The transducers are made small in physical size to overcome the random phase-cancellation 
associated with material inhomogeneities. However, the small size of the PVDF elements 
results in very small capacitances (approximately 1 pF). To maximize the sensitivity of these 
transducers, special preamplifier designs, characterized by low input capacitance, are 
needed. In addition, features such as voltage gain (greater than 20 dB), large dynamic 
range (60-70 dB), 1 nVI¥Hz input noise level, and 501l output impedance are" highly 
desirable. 
Figure 7 illustrates the topology of one of our receiver preamplifier designs that meets 
or exceeds the above performance requirements. A typical waveform obtained in a 
transmission experiment on a 50 mm thick E-glass/epoxy material is shown in Figure 8. 
Note that the signal exhibits very a wide bandwidth (single-cycle waveform) and high SIN. 
This waveform was obtained using a I-MHz, 12.5 mm diameter transmitting transducer and 
a 0.5 mm diameter PVDF receiving transducer. The square-wave pulser design, illustrated 
in Fig. 4, was used to drive the transmitting transducer. 
CONCLUSIONS 
Judicious selection of components for an ultrasonic system and optimal operating 
frequency is necessary to facilitate ultrasonic NDE of thick polymer composite materials. 
This is particularly true when inspecting materials that exhibit high propagation losses due 
to diffraction and dissipation effects. The component performance requirements can be 
determined and optimum frequency regions found if information on material-propagation 
losses is available. Special-purpose pulsers, diplexers, preamplifiers, and transducers are 
required to obtain the large signal bandwidths and high signal-to-noise ratios required to 
characterize the properties of the materials and detect flaws. Special-purpose transducers 
may also be needed to overcome the effects of beam distortion in materials that exhibit 
large inhomogeneities. 
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